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S1. Brief literature research on binder materials, solvents, electrode composition ratios 
and current collectors 

Table S1: Brief literature research on binder materials, solvents, mixing ratios and current collectors. This literature 
search was carried out as an example and does not claim to be complete. 

source 
electrode 
production 
process 

binder polymer 
(BP) 
(solvent) 

composition 
AM-CB-BP 

comment1 
electrochemical 
performance 

[1] doctor blade 
coating 

PVDF (NMP), 
CMC (water),  
Na-alginate 
(water), CMC 
(water)+PVA 

70-20-10 current collector: 
Titanium 

280 mAh.g–1 @ 
100 mA.g–1 

[2] doctor blade 
coating 

PVDF(NMP) 70-20-10 current collector: 
Steel mesh 

- / investigations 
on negative 
anode 

[3] doctor blade 
coating 

PVDF(NMP) 60-30-10 current collector: 
Carbon Paper 
Electrolyte: 
Zn(TFSI)2 + 
MnSO4 (aq.) 

212 mAh @ “5C” 

[4] doctor blade 
coating 

PVDF(NMP) 75-15-10 current collector: 
Steel mesh 

218 mAh.g–1 @ 
123 mA.g–1 

[5] pasting/smearing PVDF (Solvent 
not specified) 

80-10-10 current collector: 
Ti mesh 

270 mAh.g–1 @ 
30 mA.g–1 

[6] doctor blade 
coating 

PVDF (Solvent 
not specified) 

70-20-10 current collector: 
Titanium 

270 mAh.g–1 @ 
“1C“ 

[7] doctor blade 
coating 

LA133 (water)+ 
CMC (water) (8:2) 

70-20-
8(LA133)-
2(CMC) 

active material: 
MnO2/CNT 
nanocomposite, 

665 mAh.g–1 @ 
100 mA.g–1 

                                                                    

 
1 Electrolytes contain ZnSO4 or MnSO4, if not stated otherwise. 
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current collector: 
Steel foil 

[8] doctor blade 
coating 

LA133 (water) 70-20-10 current collector: 
Steel foil 

80 mAh.g–1 @ 
100 mA.g–1 

[9] doctor blade 
coating 

PVDF (NMP) 80-11(2% 
Graphite, 9% 
carbon Black)-
9 

current collector: 
Carbon Paper 

233 mAh.g–1 @ 
30 mA.g–1 

[10] doctor blade 
coating 

PVDF (NMP) 85-10-5 current collector: 
Steel foil; 
Electrolyte: 
Zn(CF3SO3)2 (aq.) 

230 mAh.g–1 @ 
200 mA.g–1 

[11] doctor blade 
coating 

LA133 (water) 70-20-10 current collector: 
Steel foil 

139 mAh.g–1 @ 
100 mA.g–1 

[12] doctor blade 
coating 

PVDF (NMP) 70-20-10 current collector: 
Carbon sheets 

300 mAh.g–1 @ 
103 mA.g–1 

[13] doctor blade 
coating 

CMC (water)/SBR 
(water) 

80-10-10 MnO2-nanorods 312 mAh.g–1 @ 
33 mA.g–1 

[14] pasting PTFE 60-30-10 Pressed Paste 
current collector: 
Steel Gauze 
Circle 

103 mAh.g–1 @ 
300 mA.g–1 

[15] doctor blade 
coating 

PTFE 80-10-10 active material: 
PANI intercalated 
MnO2 
current collector: 
Ti-grid 

280 mAh.g–1 @ 
200 mA.g–1 

[16] electrodeposition 
EMD 

- - carbon cloth Different 
denotation used 

[17] pasting PVDF  70-20-10 stainless steel 
wire mesh 

300 mAh.g–1 @ 
100 mA.g–1 

[18] electrodeposition 
EMD 

- - carbon fibre 
paper 

290 mAh.g–1 @ 
90 mA.g–1 

[19] doctor blade 
coating 

PVDF (NMP) 70-20-10 Stainless steel foil 
(30 µm), first 
application of 
conductive 
CB+BP layer 

187 mAh.g–1 @ 
100 mA.g–1 

[20] doctor blade 
coating 

PVDF (NMP) 70-10-20 Stainless steel foil 
(25 µm) 

200 mAh.g–1 @ 
42 mA.g–1 

[21] doctor blade 
coating 

PVDF (NMP) 70-10-20 Stainless steel foil 
(25 µm) 

167 mAh.g–1 @ 42 
mA.g–1 

[22] tableting PTFE 70-20-10 Active material: 
α-MnO2 
Nanowires 

362,6 mAh.g–1 @ 
300 mA.g–1 
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No current 
collector 

[23] Pressing TAB 70-20-10 Stainless steel 
mesh 

250 mAh.g–1 @ 
0.5 mA.cm–2 

[24] Pressing TAB 70-20-10 Stainless steel 
mesh 

252 mAh.g–1 @ 
83 mA.g–1 

[25] doctor blade 
coating 

PVDF (NMP) 80-10-10 Carbon coated 
aluminium foil 
Electrolyte:  
0,5 Zn(TFSI)2 
in Acrylonitrile  

110 mAh.g–1 @ 
12.3 mA.g–1 

S2. Experimental cell setup using EL Cell® ECC aqu 

 

Figure S1: Overview of the experimental cell setup inside the EL-Cell® ECC aqu. 

  

zinc foil (d=25 µm), ø 16 mm 

separator, ø 18 mm

copper coin, ø 18 mm 

pos. electrode @ stainlesssteel foil
(d=25 µm), ø 16 mm
stainlesssteel coin, ø 18 mm

electrolyte 200 µl (2 M ZnSO4, 0.1 M MnSO4)
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S3. Rate Capability Test (RCT): Test plan procedure 

Figure S2: Graphical overview of the test plan procedure for the rate capability test of the herein tested cells. 

Table S2: Detailed Overview of the test plan procedure for the RCT. 

Cycle  
Mass specific current 
rate 
iCycling / mA.gAM

–1 

Number of 
loops 

Comment 

 Rest  - 6 hours 

1 Discharge 40 - Initial discharge 

2 – 6 
Charge 
Discharge 

40 5  

7 – 11 
Charge 
Discharge 

80 5  

 PEIS   

PEIS-measurements at 1.7 V, 
1.25 V and 0.8 V; 2 hours rest 
before each measurement 

12 – 16 
Charge 
Discharge 

160 5  

17 – 21 
Charge 
Discharge 

320 5  

22 – 26 
Charge 
Discharge 

640 5  

27 – 31 
Charge 
Discharge 

80 5  

 PEIS   
PEIS-measurements at 1.7 V, 
1.25 V and 0.8 V; 2 hours rest 
before each measurement 

  

EIS
RCT 2

5 cycles
80*

RCT 5
5 cycles

640*

RCT 4
5 cycles

320*

RCT 3
5 cycles

160*
EIS

RCT 2
5 cycles

80*

RCT 1
5 cycles

40*

initial 
DCH
40*

rest
phase

6h
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S4. Mechanical Stress Test (MST): Experimental setup 

 

Figure S3: Experimental setup of the mechanical stress test with a magnetic stirring bar in a PP beaker (20 ml, ø31x48 
mm) filled with ~ 10 ml of liquid. 

S5. Derivation: overpotentials by increasing ohmic resistance in energy plot 𝐸 = 𝐶 ∗ 𝑈 (1) 𝑈 = 𝑅 ∗ 𝐼 (2) 𝐸 = 𝐶 ∗ 𝑅 ∗ 𝐼  
with 𝐼 = 𝑐𝑜𝑛𝑠𝑡. (determined by constant current cycling rate of CC-step) 

(3) 

Here, E means energy, C means electric charge (capacity), U means voltage, R means ohmic resistance, I means 
current. 

S6. Binder variation: PVP results 
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Figure S4: RCT results including the PVP (aq) binder polymer, which is not finishing the RCT due to stability issues of 
the electrode coating (s. MST). 

 

Figure S5: Potential curves including the PVP binder, which was not able to finish the RCT. 
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S7. SEM+EDX: PAN (aq) vs. PAN (DMSO), pristine vs post mortem state 

PAN (aq) – pristine state PAN (DMSO) – pristine state 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Figure S6: Comparison of the PAN (aq) and the PAN (DMSO) coating in pristine state. MnO2 
particles are coloured green, carbon black is coloured orange. 
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PAN (aq) – post mortem state PAN (DMSO) – post mortem state 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Figure S7: Comparison of the PAN (aq) and the PAN (DMSO) coating in post mortem state. 
MnO2 particles are coloured green, carbon black is coloured orange. 



9 

S8. Binder variation: EIS results 

 

Figure S8: Overview of the EIS spectra for all investigated binder polymers in charged (CH) and discharged
(DCH) state after 10 and 30 cycles, respectively. 
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S9. Mixing ratio comparison: efficiency details 

Figure S9: Diagrams of the RCT showing the specific capacity and energy, respectively, together with the efficiency
values.  

Compared to the presentation of the results in the paper, the y-axis of the efficiency values shows all the 
efficiency results of the cells, respectively, including the deviating values after a change of the current rate. This 
deviation can be related to a reduced discharge capacity during the first discharge step of each of the current 
rates (increasing overpotential for increasing current rate) in comparison to the related charge step, in 
consequence of the major influence of MnO2 deposition/dissolution mechanism in ARZIBs. Noticeably, this 
behaviour happens vice versa for the last current rate change from 640 to 80 mAh.g-1, due to an additional 
discharge capacity in consequence of a reduction of the overpotential for decreasing current rates. 
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S10. SEM+EDX for selected coatings 

70/20/10 – pristine state 

  

  

  

Figure S10: SEM+EDX images of the coating with aqueous LA133 (PAN-based) binder with the mixing ration 70/20/10
(AM/CB/BP, wt%) in pristine state. The electrode thickness is ~40 µm. 
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80/15/05 – pristine state 

  

  

  

Figure S11: SEM+EDX images of the coating with aqueous LA133 (PAN-based) binder with the mixing ration of
80/15/05 (AM/CB/BP, wt%) in pristine state. The electrode thickness is ~40 µm. (green coloured = MnO2 particles, 
orange coloured = carbon black (CB)). 
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Comparison 

70/20/10 – pristine state 80/15/05 – pristine state 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure S12: Comparison of the 70/20/10 and 80/15/05 binders in pristine state. For the 80/15/05 
coating, smaller distances of the MnO2 active material particles (coloured green) and a more 
compact visual impression of the coating could be assumed, which could be referred to the lower 
CB content and the lower overall passive material (CB + BP) share (20 wt% instead of 30 wt% 
for the 70/20/10 coating). 
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S11. Potential curves: comparison of IR-drops (binder & mixing variation) 

Figure S13: Overview over the charge/discharge curves of the 10th cycle (80 mA.g–1) of the RCT shown in Figure S4 for 
the binder variation (a) and mixing variation (b) with insets showing the IR drops directly after the switchover from
charge to discharge (marker 1) and the first potential plateau during discharge (marker 2).  

(a) Binder variation: The overview of the potential curves reveals differences of the potential plateau 
hysteresis between the charge/discharge step (s. arrow), which can be related to the inner resistance of 
the battery cell (including ohmic/charge transfer/diffusion resistance, for example). The initial IR drop 
after the switchover from charge to discharge (capacity ~0 mAh.g–1) could be an indicator for mainly the 
electrical (ohmic) resistance of the electrode coating (here: identical electrolyte, cell setup, cell casing, 
cables, battery tester etc), as the charge transfer/diffusion phenomena only start playing a role in the 
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course of the discharge. PAN (aq), for example, shows the smallest potential hysteresis between 
charge/discharge, which can be related to advantages in terms of the inner resistance, whereas CA 
(MEK) shows a high potential hysteresis indicating a high inner resistance of the battery cell. 

(b) Mixing variation: Again, the overview shows differences in terms of the potential hysteresis between the 
charge/discharge step and the IR-drops after the switchover from charge to discharge, which can reveal 
insights into the inner resistances of the coatings (here: again, identical electrolyte, cell setup, cell casing, 
cables, battery tester etc). The coating with the lowest CB/BP-ratio of 1 (s. brackets in the graph legend) 
and a low CB-content of 10 wt% (coating 80-10-10, AM-CB-BP in wt%) shows the lowest potential 
plateau level during discharge and discharge capacity, which can be related to the inner resistance of 
the coating (ohmic/charge transfer/diffusion resistance). In general, there is a trend for coatings with a 
low CB-content of 10 wt% showing lower potential plateau levels (marker 2) and higher IR-drops after 
the switchover from charge to discharge (marker 1). In contrast, the higher the CB content of the 
coating, the higher the potential plateaus (marker 2). 

S12. Mechanical stress test (MST): explanation approach for the dissolution phenomena 
of the aqueous binder-based electrodes in DI-water/electrolyte 

The electrolyte solution used in our study was 2 M ZnSO4 + 0.1 M MnSO4. Therefore, only the main component 
ZnSO4 is considered as a simplification for the following discussion: The solubility of ZnSO4 in water is ~3.5 M 
[26], which can be determined using the solubility product equation (s. [27], for example). During the solvation 
of the zinc salt, a solvation shell around the ions is formed by the solvent water (hydration, s. [28]). As the herein 
used electrolytes are not saturated and have a salt concentration below the solubility of ZnSO4 (here: 2 M), there 
is still free solvation energy left [28]. Nevertheless, this solvation free energy is reduced by the already dissolved 
electrolyte salts, compared to the pure DI-water. If the electrode coating comes in contact to either pure DI-
water or electrolyte solution as solvents, the binder component as a soluble component could basically dissolve 
in the solvent. Nevertheless, due to the difference in the solvation free energy of both the solvents, the solvation 
process is extremely retarded for the electrolyte solution in consequence to the predissolved ions and the 
reduced solvation free energy, compared to the DI-water. From our point of view, this is the explanation for the 
observation of the stability of the aqueous binder-based electrodes in electrolyte compared to the instability 
(dissolution) of these electrodes in pure DI-water. 
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